ABSTRACT EPI, an extracellular protein from carrot (Daucus carota) cell suspensions, has been partially characterized by means of an antiserum and a cDNA clone. In both embryo and suspension cultures different molecular mass EPI proteins were detected, some of which (31, 32, 52, and 54 kilodaltons) were bound to the cell wall and released into the medium, whereas others (49, 60, and 62 kilodaltons) were more firmly bound to the cell wall and could be extracted with a salt solution. Immunoprecipitation of in vitro translation products revealed a single primary translation product of 45 kilodaltons, suggesting that EP1 heterogeneity is due to differential posttranslational modification. In seedlings organ-specific modification of EP1 proteins was observed, a phenomenon which did not persist in suspension cultures initiated from different seedling organs. In culture EP1 proteins were only found to be associated with vacuolated, nonembryogenic cells, and on these cells they were localized in loosely attached, pectincontaining cell wall material. Purified 52/54 kilodaltons EPI proteins did not alleviate the inhibitory effect of the glycosylation inhibitor tunicamycin on somatic embryogenesis.
whereas the extracellular protein patterns of nonembryogenic mutant cell lines deviate from this characteristic pattern (2) . Second, the acquisition of embryogenic potential in a newly initiated culture has been shown to be accelerated by the addition of high-molecular weight, heat-labile components from an established embryogenic cell line (3) . Third, inhibition of somatic embryogenesis with the glycosylation inhibitor tunicamycin can be complemented by the simultaneous addition of extracellular proteins from an uninhibited embryo culture (2) .
To obtain more information about the nature of cell suspension extracellular proteins, we screened a carrot Xgtl 1 cDNA expression library with an antiserum raised against total embryo medium proteins. In this report we describe the initial characterization of one of the clones obtained, termed EP I , employing an antiserum raised against the EP I -encoded fusion protein. We show that the EPl mRNA codes for a small number of secreted glycoproteins that are associated with cell walls of vacuolated cells in culture and that the observed heterogeneity of these proteins appears to arise from different posttranslational modifications.
Embryogenic carrot (Daucus carota) suspension cultures grown at a high cell density in the presence of 2,4-D contain a variety of cells, ranging from different kinds of single cells through small cell clusters to large cell clumps. Among these are meristematic cell clusters, referred to as proembryogenic masses (1 1), which are able to develop somatic embryos upon dilution in auxin-free medium. Embryo cultures are initiated from a culture fraction enriched for these proembryogenic masses, providing a system of high frequency somatic embryogenesis that is widely used as a model system to study plant embryogenesis (20) .
Three observations suggest that proteins secreted into the culture medium play an important role in somatic embryo development. First, a number of embryogenic cell lines all secrete a characteristic set of proteins into the medium, ' This work was supported in part by a grant awarded to S. C. de V. (NL 0092) (Fig. 1A) . These proteins correspond to the 52/54 kD proteins that were previously observed in carrot culture media (2, 3) . An additional doublet of 31/32 kD was recognized in the medium of cultures with a high cell density, regardless of the presence of 2,4-D (Fig. 1A) . The effect of cell density on the appearance of these proteins was confirmed by a serial dilution ofproliferating cell suspensions, which showed an increasing amount of 31/32 kD proteins in register with the increase in initial cell density from 1. 104 to 1.107O cells/mL (Fig. I1B) .
To (21) . Immunoblotting showed that the medium EPl proteins of 31/32 and 52/54 kD are indeed present in the cell wall (Fig. IC) . Repeated washing of the cells with fresh culture medium before calcium extraction removed these proteins from the wall (data not shown), indicating that the binding of these proteins to the cell wall is weak. Three additional EPl polypeptides of 49, 60, and 62 kD that were not found in the medium, were also detected in the cell wall, but could not be rinsed from the wall with culture medium.
Since plant cells are known to secrete f3-galactosidase (19) (Fig. 2A) . In addition, when 35S-labeled in vitro translation products of poly(A+) RNA from high-density suspension cells were immunoprecipitated with the anti-EPI serum, only one polypeptide band of 45 kD was detected (Fig. 2B) . The anti-#-galactosidase control serum did not recognize any polypeptides (Fig. 2B) . Glycosylation of the 49, 52/54, and 62 kD proteins was demonstrated by immunoprecipitation of cell wall proteins from a high-density suspension culture pulselabeled with N-acetyl-D-[ I-'4C]glucosamine (Fig. 2C) . The 31/ 32 and 60 kD proteins were not labeled and may not have accumulated above the detection level during the 18 h labeling period. After [35S]methionine pulse-labeling the same pattern was observed, which remained unaltered after chase periods of 6 to 90 h (not shown). The addition of tunicamycin, an inhibitor of N-glycosylation, resulted in the synthesis of only one medium form of 46 kD (Fig. 2D) , suggesting that the size difference between the 52 and 54 kD EPl proteins is caused by differences in N-glycosylation. Deglycosylation of purified 52/54 kD proteins with trifluoromethanesulfonic acid (5) yielded a single broadband that was too diffuse to confirm this observation (not shown). Taken together these results provide strong evidence that the size heterogeneity of EPl proteins arises from different posttranslational modifications of a single precursor polypeptide.
Conservation of EPI Epitopes
Total protein extracts from suspension cells of three other members of the Umbelliferae, fennel, caraway, and parsley, contained proteins with an Mr between 50,000 and 65,000 that were recognized to different extents by the anti-EPl serum (Fig. 3) . The extracellular glycoproteins of tunicamycin-inhibited somatic embryogenesis (2) . Therefore, the 52/54 kD EPl proteins were purified and tested at different concentrations in tunicamycin-inhibited cultures (Table I) . No significant tunicamycin-complementing activity was observed with purified 52/ 54 kD proteins, indicating that, by themselves, these proteins are not sufficient to prevent proembryogenic mass disruption as observed with total unfractionated medium proteins.
EPI Proteins are Associated with Cell Walls of Nonembryogenic Vacuolated Cells in Culture
The finding that EPl proteins are not present in zygotic embryos (Fig. 4A ) prompted us to investigate the distribution of EPl proteins between different cell types in embryo and suspension cultures. Both in suspension and in embryo cultures (Fig. 5A ) EPl cell wall proteins were associated only with the vacuolated single cell population and not with somatic embryos, proembryogenic masses, or large callus clumps. Also, the EPl mRNA was only present in single cells of an embryo culture (Fig. 5B) .
To analyze the cells containing the EPl proteins in more detail, intact suspension cells were subjected to anti-EPl (Fig. 6, A (Fig. 6E) .
To investigate the nature of the EP -reactive cell wall material, cultures were immunolabeled with the monoclonal antibody JIM5, which is specific for unesterified pectins (13 N-Glycosylation is likely to be one mechanism responsible for EPl heterogeneity, since a single 46 kD medium protein instead ofthe normal 52/54 kD doublet occurs in the medium in the presence of tunicamycin, an inhibitor that prevents the addition of glycans to asparagin residues (6). The wall-bound forms may be glycosylated differently from the 52/54 kD glycoproteins, which could be the basis of their enhanced wall-binding (7) . The sizes of the high-Mr EPl glycoproteins are probably overestimations, since it has been found that glycosylated proteins migrate more slowly in SDS-PAGE than unglycosylated proteins of the same mass (15) . Thus, only a small number of oligosaccharide side chains could be sufficient to increase the apparent Mr to 52, 54, 60, or 62 kD. If we assume signal peptide cleavage from the 45 kD primary translation product to a polypeptide of 41 to 43 kD, the 46 kD protein produced in the presence of tunicamycin may contain modifications other than N-glycosylation. We have not identified the nature of these modifications yet. Because of the size of the 31/32 kD doublet, about 10 lings. This would favor a role in cell elongation, which is thought to be regulated by formation and cleavage of bonds between cell wall polymers (9) . Obviously, cell expansion is restricted in proembryogenic masses and early stages of developing embryos, which could explain the absence of cell wall EP1 proteins from these structures. Nevertheless, they are immersed in medium containing the 52/54 (and 31/32) kD proteins, which apparently does not interfere with embryo development. Are these medium EPl proteins inactivated by modification or is a proper substrate required for EP1 protein function? Such questions can only be resolved after identification of the biochemical function of these proteins.
